3. to coronal current sheets is also a possible heating mechanism (Spangler 2007), as well as temperature inversion as a consequence of velocity filtration (Scudder 1992) .
Despite the apparent variety of explanations, it is evident that magnetic fields provide a common link among theories and play an important role in explaining coronal heating.
Faraday Rotation
Faraday Rotation is a phenomenon used as an observational technique in radio astronomy to study magnetic fields. The effect occurs with linearly polarized electromagnetic waves, which can be thought of as superpositions of right-hand and left-hand circularly polarized waves. The presence of a magnetic field in a medium results in a variable dielectric which depends on wave direction. As a linearly polarized wave passes through a medium with a magnetic field, the two circularly polarized waves propagate with different speeds. The resulting wave will then have a net rotation of its polarization position angle, ∆χ. The amount of rotation of the polarization position angle depends on the wavelength of the wave and the physical conditions of the medium, defined by a quantity called the Rotation Measure (RM). The emergent polarization position angle, χ, is given by
where χ o is the initial polarization position angle and λ is the wavelength of the observed radio wave. The net rotation of the polarization position angle is then given by
Radio waves are ideal for Faraday rotation because the amount of rotation at radio wavelengths is measureable and a large number of linearly polarized radio sources Fortunately, substantial information on the plasma density in the solar corona exists, allowing for calculations of the magnetic field.
Past and Future Observations

Coronal Faraday Rotation
The Faraday rotation technique can be used to study magnetic fields in the solar corona. This is done by first observing a radio source when its line of sight is far from the sun, and measuring its linear polarization position angle, χ o . The linear polarization position angle, χ, is then measured again when the line of sight to the source passes through the solar corona. The difference between these angles, ∆χ, is given by equation 1.3 and 1.2, from which the RM is obtained. the observations with the VLA were limited to a closest observing distance of about 5 R ⊙ from the sun. In order to fully understand the heating mechanisms of the solar corona, it is important to measure the magnetic field and plasma density between 2-5 R ⊙ as well, since it is probable that the heating mechanisms occur mostly in the inner, more dynamic corona.
Observational Challenges
The previous VLA studies were limited in their closest approach distance due to loss of sensitivity. The loss in sensitivity is due to increased rms noise in the image, which is proportional to the system temperature. The expected point source rms sensitivity due to thermal noise on a VLA image (Chandler 2009 ) is given by
where σ I is given in mJy, η a is the antenna efficiency, N is the number of antennas, N IF is the number of IF's used, τ is the integration time in hours, and ∆ν is the bandwidth of the observation in MHz. The error in the polarization position angle, σ χ is given by
where L is the polarized intensity of the source and σ Q is the rms noise in the Stokes Q map. It is assumed throughout this thesis that σ Q can be replaced with σ I , which is true if all of the noise in the map is radiometer noise. Good observations result from either low noise measurements, effectively meaning low system temperatures, or sources with large polarized intensities. For observing distances of 2-5 R ⊙ at frequencies of 1.465 and 1.665 GHz it is extremely difficult to find sources with enough polarized intensity to overcome the high system temperatures of about 2000-4000 K (Geller 2004).
Future EVLA Observations
The solution to the observational challenges experienced by the previous VLA studies is to move to a higher observing frequency of 5 GHz. The 5 GHz beam pattern is smaller in angular size than the 1.465 and 1.665 GHz beam patterns, so the antenna response due to the contribution of the sun in the sidelobes is less for 5 GHz. This results in lower system temperatures and thus, better sensitivity. The main drawback of observing at 5 GHz is that the polarized intensity of a source decreases with increasing frequency, so according to Equation 1.6 σ χ will increase. However, it is still possible to find radio sources with sufficiently large polarized intensities at 5 GHz.
The goal of this study is to test the feasibility of such observations at 5 GHz.
To do this, it is necessary to (1) examine the expected rotation measures for 5 GHz between 2-5 R ⊙ from the sun, (2) measure the system temperature of the EVLA antennas as a function of angular distance from the sun at 5 GHz, and (3) field, but has another term added to account for the density at large distances from the sun (Mancuso and Spangler 2000) . A radially expanding solar wind justifies the simplification of using only radially dependent terms. Any non-radial components would be expected to be small. 
where
The values used for the various parameters are given in The results for both the single and compound power law RMs are shown in 
Abstract
This document describes system temperature (T sys ) measurements near the sun at 5 GHz with EVLA antennas. The purpose of the test measurements was to measure the solar contribution to the system temperature as a function of angular distance from the sun. At a given angular separation from the sun, the antennas showed a range of system temperatures. The reason for this range is unclear. We based our results on the median T sys of 10 antennas which provided adequate data. There are three significant regions of interest: at 2-3 R ⊙ (32-48 ′ ) the system temperature varies from 100-350 K; at 3-5 R ⊙ (48-80 ′ ) the system temperature is 50-100 K; for separations greater than 5 R ⊙ (80 ′ ) the system temperature levels off to the cold-sky EVLA T sys value of 39 K. A model calculation of the system temperature due to the quiet sun in the sidelobes adequately reproduced the measured T sys values.
Introduction
This document will describe test measurements made to determine the solar contribution to the system temperature as a function of solar offset. Observing near the sun can result in elevated system temperatures. Despite the loss in sensitivity due to this effect, there are many solar coronal phenomena that are interesting to measure. The motivation for these solar offset system temperature measurements is to plan for future solar coronal Faraday rotation observations. An example of such observations is described in Ingleby et al. (2007) . The observations of Ingleby et al.
(2007) were made at 1.46 and 1.66 GHz and, due to system temperature constraints, were limited to a closest angular distance of 5 R ⊙ (80 ′ ). For our future observations we wish to observe closer to the sun, so we are switching to 5 GHz and are primarily interested in the performance of the EVLA from 2-5 R ⊙ (32-80 ′ ). The results of these test measurements may also be of interest to future observers making observations in the vicinity of the sun. This memo serves to provide that information.
The system temperature is the sum of the receiver temperature and the antenna temperature. The antenna temperature is determined by the antenna beam power pattern, which changes with observing frequency, and the angular separation of the beam center from the center of the sun. Since the antennas were not pointing directly at the sun throughout the observations, the side lobes were the main contribution to the system temperature. A theoretical model for the expected system temperature as a function of solar elongation will be discussed and describes the contribution of the sun in the side lobes.
Test Measurements
The observations were made on April 26, 2009 with 20 EVLA antennas. There were two IFs at 4885 MHz (IF 1) and 4835 MHz (IF 2) with right and left polarizations for each IF. Six antennas were edited out at the start due to lost data and an azimuth gearbox failure. The holography mode raster scan was chosen for the observing mode because of its ability to make measurements along a line segment with arbitrary starting point, length, and position angle with respect to the center of the sun.
There were three scans starting at about 2 solar radii (32 ′ ) from the center of the sun. Throughout this document we will quote the solar offsets in units of both solar radii (which is relevant for planning coronal observations) and arcminutes. The solar radius value we used in quoting the offsets is the mean photospheric radius. The conversion between solar radius and angular interval is
The actual photospheric radius on the day of observations was 15 have confirmation that the antennas were pointing at the commanded positions for the following reason. In the holography mode that we used it is necessary to have a reference antenna pointing at the center of the sun throughout the observations. This is because the holography mode only recognizes fixed antenna -moving antenna pairs and ignores pairs in which both antennas were moving. This is specific to the holography mode and we did not anticipate the need for this, so we did not use a reference antenna during the observations. We have no reason to believe that the commanded positions were in error. Section 3.4.2. discusses a model which matches the data, indicating that our conversion of the antenna positions is correct.
Results
Measured Results
The system temperature data were retrieved with AIPS, using the PRTAB task accessing the system temperature extension file, TY. The values labeled "Tant" were interpreted as being the raw system temperature values. R ⊙ (80-142 ′ ) the T sys levels off to about 40 K. where T (r) is the raw system temperature, T (r = 8.9R ⊙ ) is the raw system temperature at the greatest angular separation for that antenna, polarization, and IF, and The reason for these inter-antenna differences is not entirely clear. Four antennas were eliminated from the data set at this point because they were at wide variance with the remaining antennas. We wished to condense the data shown in Figure 3 .2 by taking a median of the normalized T sys data. For most of the scans, a few of the antennas had significantly higher system temperatures than the others, as mentioned above, so we found it better to take a median of the data as opposed to a mean, since a median is less affected by outlying points. For each IF at a given solar elongation, T sys measurements for all 10 antennas and both polarizations were included in the distributions from which we calculated the median and range. Instead of the standard deviation as a measure of the range, we chose the upper and lower limits which contained 80% of the measurements at a given pointing. The final result of this process was six empirical functions forT ′ (r), corresponding to the 2 IFs for each of the 3 scans, whereT ′ (r) is the median of the T ′ (r) values. As an example, in Figure 3 .3 we show T ′ (r) corresponding to IF 2 on the diagonal scan.
Comparison with Model Curves
The system temperature is a sum of the receiver temperature and the antenna temperature. The receiver temperature should be constant, but the antenna temperature changes when observing near the sun. The expected antenna temperature is proportional to the convolution of the beam power pattern with the brightness temperature distribution of the source. To understand our measurements shown in where J 1 (x) is a Bessel Function of the first kind. We noticed that the first and second 4 sidelobes of the measured power pattern were twice as high as predicted by The addition of the extrapolated third sidelobe matches the data at separations greater than about 2.5 R ⊙ (40 ′ ). Between 2-2.5 R ⊙ (32-40 ′ ) the model slightly overestimates the median system temperature, yet it is well within the range of the data. Figure 3 .4 indicates that a third sidelobe is needed in the model to reproduce the measured data. The underestimate of the system temperature in the model near 5 R ⊙ (80 ′ ) seems to indicate that side lobes of order higher than three may also be contributing to the system temperatures, although at a very low level.
Our main result is that the measured beam pattern, supplemented by a plausible though unmeasured third sidelobe, together with an independent representation of the brightness distribution of the quiet sun, provides a good representation of the measured 5 GHz system temperature of the EVLA. 
Summary
The results of this investigation are summarized below.
1. EVLA test measurements were taken on April 26, 2009 to measure the solar contribution to the system temperature at 5 GHz as a function of angular distance from the sun.
2. The EVLA antennas need calibration due to the observed spread of cold-sky system temperature values. Normally, this should not be a concern, since most calibration procedures account for this.
3. After normalization, the system temperatures still showed significant antennato-antenna variance, especially at 2-3 R ⊙ (32-48 ′ ). The reason for this is unknown.
4. The C-band system temperatures at a pointing offset of 8 solar radii (128 ′ ) and greater do not appear to show any T sys enhancement due to the sun. From 3-5 R ⊙ (48-80 ′ ) the median system temperatures range from 50-100 K and between 2-3 R ⊙ (32-48 ′ ) they range from 100-350 K.
5.
A theoretical model using an extrapolated antenna beam pattern can adequately represent the T sys values as a function of solar offset.
6.
A final point is that these measurements were made during the anomalously low solar minimum between solar cycles 23 and 24. It is probable that a future observer could experience higher system temperatures than those reported here, due to the presence of active regions on the sun.
CHAPTER 4 CALCULATION OF MODEL CURVE FOR T (R)
Chapter 3 describes model T sys curves for comparison with the observed T sys values (T ′ (r)). This chapter provides a detailed description of the models and the way in which they were calculated.
The system temperature is a sum of the receiver temperature and the antenna temperature.
The antenna temperature is of interest for the calculation because it is the component of the system temperature that is affected by the sun. It is proportional to the convolution of the antenna power pattern with the brightness temperature distribution of the source, where the origin of the coordinate system is chosen to be the center of the antenna power pattern.
where η is the antenna efficiency, which is 60% for the ELVA at 5 GHz (Chandler 2009), P n (θ, φ) is the antenna beam power pattern, T B (θ, φ) is the brighteness temperature distribution of the source, and A is a normalization constant obtained by integrating P n (θ, φ) over 4π steradians. to those presented here. Also, the calculated ∆χ values were the maximum values predicted by the model (β c = 0), so the difference between ∆χ and σ χ for a given source may not be as large as predicted. 6 Polarized intensity values from the NRAO VLA Sky Survey survey were taken at 1.4 GHz. Conversion to polarized intensity values at 5 GHz was done with a spectral index value of -0.7. 
SUMMARY
The results of this thesis are summarized below.
1. Magnetic fields are crucial to understanding coronal heating. One of the most useful observational techniques for studying coronal magnetic fields is Faraday rotation.
2. Previous coronal Faraday rotation studies done at 1.4 and 1.6 GHz with the VLA were successful in obtaining an understanding of the large-scale structure of the plasma density and magnetic fields in the corona, but were limited to a closest angular approach of 5 R ⊙ .
3. In future studies it is desirable to probe the inner, more dynamic corona up to 2 R ⊙ , but to overcome the loss in sensitivity due to increased system temperatures, an observing frequency of 5 GHz must be used. 4 . The purpose of this study was to determine whether such 5 GHz observations at 2-5 R ⊙ are feasible by doing the following:
(a) Test observations with the EVLA were performed to determine the system temperature of each antenna as a function of angular offset from the sun. 8. Sample calculations of T sys , σ χ and ∆χ for real sources were performed to evaluate whether the σ χ is significant in relation to the predicted ∆χ values. 9. Given the results for σ χ and ∆χ in the response of the higher order sidelobes is higher than in the tapered models, but it produces system temperatures less than 125 K for offsets greater than 2 R ⊙ .
None of these analytic models match the data for offsets less than 5 R ⊙ . The explanation for this is the low response of the sidelobes in the models. It is evident that the empirical extrapolation of the measured power pattern discussed in Chapter 3
is the best fit to theT ′ (r) data. In conclusion, these models do not match the observed system temperatures as a function of solar offset. The true antenna response at offsets greater than 40 ′ is apparently larger than expected from these idealized theoretical models. 
